This study was designed to explore the correlations of promoter methylation in Wnt inhibitory factor-1 (WIF-1), ras-association domain family member 1A (RASSF1A), and Cadherin 13 (CDH13) genes with the risk and prognosis of esophageal cancer (EC).
Background
Esophageal cancer (EC) is the most aggressive malignant neoplasm of the alimentary canal and its mortality rate ranks sixth among all cancers worldwide [1] . In 2008, there were an estimated 482 300 new EC cases and 406 800 EC-caused deaths around the world [2] . EC risk factors include smoking, red meat consumption, hot tea drinking, low intake of vegetables and fresh fruits, and low socioeconomic status [3] . The 5-year survival rate for EC patients diagnosed at early stages is 90%, but it drops to 10~15% for those diagnosed at advanced stages, due to the lack of reliable early-stage diagnosis techniques [4] . Molecular techniques, especially the epigenetic changes in DNA methylation, have become a research focus in the early diagnosis and prognosis of EC [5, 6] .
Epigenetic silencing attributable to aberrant methylation of promoter regions was suggested as one of the main genetic alterations in the development and progression of cancers, including EC [7] . Wnt inhibitory factor-1 (WIF-1) is an antagonist that is down-regulated and methylated in many carcinomas, such as hepatocellular, esophageal, and gastrointestinal malignancies, and it triggers tumor formation by stimulating b-catenin [8] . The higher frequency of ras-association domain family member 1A (RASSF1A) gene methylation has been observed in many malignant tumor patients, indicating that RASSF1A inactivation is related to cancer pathogenesis [9] . Cadherin 13 (CDH13) is one of the atypical members of the cadherin family; it has been reported to have effects on cellular behavior, largely via its signaling properties, and it is down-regulated in various carcinomas with poorer prognosis [10, 11] . Furthermore, promoter methylation of the WIF-1 gene is involved in the EC process, and the abnormal expression of WIF-1 mRNA might be related to EC oncogenesis [12] . RASSF1A was suggested to be one of the EC-related tumor suppressor genes, and hypermethylation of RASSF1A gene was associated with EC progression [13] . A previous study showed that CDH1 gene silencing contributed to by promoter hypermethylation might have a considerable impact on the development of EC, and CDH1 methylation predicted post-surgery survival status of EC patients [14] . However, no information has been published regarding interactions between promoter methylations of WIF-1, RASSF1A, and CDH13 genes in EC. Therefore, the present study aimed to explore the correlations of promoter methylations in the WIF-1, RASSF1A, and CDH13 genes with the risk and prognosis of EC.
Material and Methods

Ethical statement
The Ethics Committee of the Affiliated Hospital of Hebei University approved this study. Written informed consent was provided by all patients before study commencement. Study protocols complied with the ethics principles of medical research involving human subjects, which is based on the Helsinki Declaration [15] .
Collection of EC tissues
A total of 71 EC tissues were collected from EC patients who underwent surgical resection at the Affiliated Hospital of Hebei University from January 2009 to September 2010. All patients were diagnosed pathologically with ESCC and received no radiotherapy or chemotherapy before the surgery. This study included 49 males and 22 females, with a mean age of 56.3±5.0 years (range, 43-74 years). The pathological grades of tumor tissues were observed as follows: 21 low differentiation cases, 36 moderate differentiation cases, and 14 high differentiation cases. There were 41 cases with tumor size <3 cm and 30 cases with tumor size ³3 cm. There were 15 cases with lymph node metastasis (LNM) and 56 cases without LNM. According to the International Union Against Cancer (UICC) tumor node metastasis (TNM) staging system (2010) [16] , 20 cases were diagnosed in stage I, 33 cases in stage II, 9 cases in stage III, and 9 cases in stage IV. Additionally, 35 samples of adjacent normal tissues, which were at least 5 cm away from the tumor margin, were collected. All tissues were flash-frozen in liquid nitrogen upon collection and stored at -80°C.
DNA extraction
DNA extraction kits were purchased from Sangon Biotech (Shanghai) Co., Ltd. Then, 30-mg tissue samples were crushed, placed in a sterile 1.5-ml centrifuge tube, and mixed with 200-μl Tris-ethylene diamine tetraacetic acid (TE) suspension. DNA extraction was carefully performed using the manufacturer's instructions. The concentration and absorbance (A) of the extracted DNA were determined by use of a NanoDrop ND1000 (Thermo Fisher, CA, USA) ultraviolet (UV) spectrophotometer. The products of A260nm/A280nm in the ratio of 1.8~2.0 were used for downstream experiments.
Hydrosulfite treatment
DNA samples were treated with hydrosulfite to detect methylation. Sterile deionized water was added to 10 μl of DNA up to the total volume of 18 μl, shaken evenly, water-bathed at 95°C for 10 min, and placed in an ice bath for 5 min. At this stage, 2 μl of 3M sodium hydroxide (NaOH) was added. Samples were water-bathed at 42°C for 20 min, then a newly-configured 380 μl of 5M sodium hydrogen sulfite (NaHSO3) (containing 125 mM hydroquinol) was added and well mixed. Additionally, 200 μl of liquid paraffin was added, sealed by both Parafilm and silver paper. Tissues were kept away from light and water-bathed at 50°C for 16 min. After cleaning up the liquid paraffin, 1 ml of DNA purification liquid was added to the mixture. Progard was added to remove salt. Purification kits were purchased from Promega Company (USA). After purification, 1 1μl of 3M NaOH was added and mixed, then samples were water-bathed at 37°C for 15 min. Next, 80 μl of 10Mammonium acetate and 2.5 times volume of anhydrous ethanol were added and deposited for 1 h at 80°C. Finally, DNA samples were centrifuged at 12 000 rpm for 20 min with 200 μl of 70% ethanol added for depositing after removing the supernatant. After air drying and addition of 30 μl of TE solution, samples were stored at --20°C.
Methylation-specific polymerase chain reaction (PCR)
The modified DNA was amplified using specific methylation sequences and non-specific methylation sequences in methylated and non-methylated alleles of WIF-1, RASSF1A, and CDH13 gene promoter regions. The primer sequences are shown in Table 1 . PCR reaction was performed with the Biometra Thermocycler thermal cycling device (Germany). PCR reaction used a system with a volume of 25 μl, established according to the instructions of the PCR amplification kit (Sangon Biotech Co., Ltd., Shanghai). Specific PCR setting conditions were: pre-denatured at 95°C for 10 min, denatured at 95°C for 1 min, annealed at 57°C for 45 s, and extended at 72°C for 45 s with a total of 35 cycles, and finally extended at 72°C for 10 min.
Reverse transcription-PCR (RT-PCR)
Total RNA was isolated using the Trizol method. Tissues were broken into homogenate and 1000 μl of Trizol was added. Next, 200 μl of chloroform was added, followed by violent shaking for 5 min. Tissues were then centrifuged at 12 000 rpm for 15 min. The upper layer was extracted into new EP tubes and 2 volumes of isopropanol (ISO) were added. At 20 min after being placed in the tubes, tissues were centrifuged at 12 000 rpm for 15 min and the supernatant was removed. After the addition of 700 μl of 75% ethanol, tissues were centrifuged at 12 000 rpm for 5 min. After the removal of the supernatant, 20 μl of diethyl pyrocarbonate (DEPC) was added to the tissues, which were then evenly air dried. The products were stored at -80°C for later usage. RNA was measured with a UV spectrophotometer (ThermoFisher, CA, USA) and the products of A260 nm/A280 nm in the ratio of 1.8~2.0 were selected. The integrity of RNA bands was assessed with agarose gel electrophoresis and the clear bands of 28 s, 18 s, and 5 s were used to carry out the downstream experiments. RT was conducted using the RT kit (Sangon Biotech (Shanghai) Co., Ltd.). We added 3 μl of template, 1 μl of Oligo DT primer, and 6 μl of DEPC to 200-μl EP tubes. These tubes were water-bathed at 70°C for 10 min and placed on ice. We then added 5 μl of 5×reaction buffer, 1 μl of RNase, 1 μl of dNTP, 1 μl of RT enzyme, and 7 μl of DEPC to the tubes. After water-bathing at 42°C for 3 h, these tubes were stored at -20°C until further use. The implementation of RT-PCR complied with the instructions of the TaKaRa Table 1 . Primers for methylation-specific polymerase chain reaction (PCR).
MSP -methylation specific primer; USP -un-methylation specific primer; WIF-1 -Wnt inhibitory factor-1; RASSF1A -ras-association domain family member 1A; CDH13 -Cadherin 13. 
One
Step RNA PCR Kit (TaKaRa Biomedicals, Otsu, Japan), with cDNA obtained by RT as a template, and glyceraldehyde phosphate dehydrogenase (GAPDH) as an internal reference. Reaction-related primers are shown in Table 2 . The reaction conditions were: 50°C for 30 min; 94°C for 2 min; 94°C for 30 s, 60°C for 30 s, and 72°C for 6 min, with a total of 30 cycles; extended at 72°C for 5 min, and the reaction was ended at 4°C.
Follow-up
The patients were followed up by telephone and outpatient records with a follow-up period of 60 months. Patients were examined once every 3 months for tumor recurrence and metastasis using chest-computed tomography (CT), abdominal ultrasound, and tumor markers. Additionally, survival status of these patients was recorded. The study endpoint was the total survival time, defined as the observed survival time from the start of the follow-up period until death, loss to follow-up, or the end of follow-up. Patients who were still alive at the follow-up deadline and those who were lost during the followup period were processed as censored data. Survival time of patients was measured in months.
Statistical methods SPSS 21.0 statistical software was used for statistical analysis. The enumeration data are presented as rate or percentage, whereas measurement data are presented as mean ± standard deviation (c _ ±s). Comparison of 2 samples was analyzed using the t test. Differences in enumeration data between 2 groups were calculated using the c 2 test and Fisher exact probability test. P<0.05 provided evidence of statistical significance. Kaplan-Meier method and log-rank test were used to determine potential prognostic factors. Clinical pathological factors were analyzed using the Cox proportional hazards regression model.
Results
WIF-1, RASSF1A, and CDH13 gene promoter methylations and mRNA expression levels
After hydrosulfite treatment, cytosine containing no methylation modification in the sequence was converted to uracil; there was no transformation in the methylation-modified cytosine. Methylation levels of WIF-1, RASSF1A, and CDH13 gene promoter were detected using this method. When only methylation amplified fragments were identified, samples were designated as "complete methylation"; when only nonmethylation amplified fragments were detected, samples were designated as "non-methylation"; and when both non-methylation and methylation amplified fragments were observed, samples were designated as "partial methylation". Both complete methylation and partial methylation cases were regarded as methylated cases. The detection of these 3 genes is exhibited in Figure 1 .
All promoters of WIF-1, RASSF1A, and CDH13 in the adjacent normal tissues and EC tissues exhibited the methylation phenomenon (Table 3) . Additionally, methylation frequencies of these genes in the EC tissues were significantly higher than those in adjacent normal tissues (all P<0.05). We also discovered that expressions of WIF-1, RASSF1A, and CDH13 genes in EC tissues were significantly decreased compared with adjacent normal tissues (all P<0.05) (Figure 2 ). There were significant differences in the mRNA expression levels of WIF-1, RASSF1A, and CDH13 genes between tissues with methylation and tissues without methylation, and expression levels in the methylation group were significantly lower than those in the non-methylation group (all P<0.05) (Figure 3 ). Table 3 . Methylation status of promoters of WIF-1, RASSF1A and CDH13 in the adjacent normal tissues and EC tissues.
M -methylation; U -un-methylation; WIF-1 -Wnt inhibitory factor-1; RASSF1A -ras-association domain family member 1A; CDH13 -Cadherin 13; EC -esophageal cancer. Table 4 , the correlations of WIF-1, RASSF1A, and CDH13 gene promoter methylations with clinicopathologic characteristics of EC were further analyzed. Results indicated that methylation levels of WIF-1 and CDH13 gene promoters were associated with degree of tumor differentiation (all P<0.05) and methylation levels of WIF-1 and RASSF1A gene promoters were associated with age (both P<0.05). Other clinicopathologic characteristics of EC were independent from the 3 gene promoter methylations (all P>0.05). Table 5 . WIF-1, RASSF1A, and CDH13 gene promoter methylations were significant risk factors that independently affected the prognosis of EC patients (all P<0.05). No significant association was found between other clinicopathologic factors and the prognosis of EC patients (all P>0.05).
Discussion
DNA methylation is one of the most common epigenetic modifications [17] . One of the main changes resulting from DNA methylation is transcriptional silencing of tumor suppressor genes, which is caused by hypermethylation of CpG islands in the promoter regions. This change often occurs during the pathogenesis and progression of tumors, which has been described as the mechanism of gene inactivation in neoplasms [18, 19] . Our study demonstrates that WIF-1, RASSF1A, and CDH13 promoter region methylations are associated with EC. In addition, methylation levels were found to be negatively related to the prognosis of EC.
One of the most significant findings of the present study was that the methylation frequencies of WIF-1, RASSF1A, and CDH13 genes in EC tissues were significantly higher than those in adjacent normal tissues; mRNA expression levels of these 3 genes in EC tissues were significantly decreased when compared with adjacent normal tissues. The obtained results indicate that WIF-1, RASSF1A, and CDH13 gene methylations are associated with the progression of EC. WIF-1 is a key restrainer of the Wnt/b-catenin signaling pathway and it directly binds to the extracellular Wnt ligands to inhibit their interaction with receptors, thus contributing to the degradation of cytosolic b-catenin through the APC⁄Axin1 destruction complex [20] . Studies have determined that the epigenetic silencing of WIF-1 is a common mechanism of promoter hypermethylation and it causes aberrant activation of the Wnt/b-catenin pathway in EC [21, 22] . RASSF1A is a tumor suppressor gene that plays significant roles in cell functions of apoptosis, microtubule stabilization, cell cycle arrest, and metaphase arrest [23] . As suggested by Dammann et al., the expression of RASSF1A in tumor cell lines can decrease the colony formation in vitro and tumorigenicity in vivo. In addition, DNA methylation of RASSF1A is expected to trigger the loss of function along with an increase in both spontaneous and induced tumor formation [24] . As a specific molecule of cadherin cell adhesion, CDH13 is important in establishing cell polarity via inhibiting tumor amplification and invasion, and inducing cell cycle arrest [25] . However, when CDH13 gene promoter region exhibits the hypermethylation status, the CDH13 gene silencing can elevate the risk of cancer [26] . Hibi et al. proposed that the aberrant methylation of CDH13 gene is common in oesophageal and gastric cancers. Additionally, the abnormal methylation could be found in patients with gastric cancers at all clinical stages, which means that both oesophageal and gastric cancers can be methylated at an early stage. Therefore, CDH13 methylation could act as a tumor marker for early detection of digestive tract cancers [27] . These studies confirmed that WIF-1, RASSF1A, and CDH13 gene methylations exert functions in the formation and development of EC. Our study shows that methylation levels of WIF-1 and CDH13 gene promoters are significantly associated with the degree of tumor differentiation. It has been verified that the aberrant DNA methylations of some particular genes were related to the clinicopathologic features and clinical outcomes of cancer cancers [28] . Another result in our study was that the overall survival rates of patients with WIF-1, RASSF1A, and CDH13 methylations were significantly lower than those of the patients with nonmethylations. WIF-1, RASSF1A, and CDH13 gene promoter methylations appear to be independent risk factors that influence the prognosis of EC patients. Methylation profile can predict responses to radiotherapy and chemotherapy agents, and thus affects the prognosis of cancer [29] . This study indicates that the OS time is substantially reduced with the methylation of WIF-1; therefore, WIF-1 gene methylation could be used as a biomarker for predicting the prognosis of EC patients [30] . Inactivation of RASSF1A is closely associated with poor outcomes of some cancers, including advanced-stage tumors [24] . A study by Jia Xu et al. suggested that hyper-methylated RASSF1A is related to less favorable OS [31] . It has been reported that patients with CDH13 methylation had worse progression-free survival time and shorter recurrence-free survival when compared to patients without CDH13 methylation. Therefore, CDH13 methylation might be used to assess the severity of disease in order to tailor appropriate therapeutic approaches [32] .
Conclusions
Our study provides strong evidence that WIF-1, RASSF1A, and CDH13 promoter region methylations are associated with EC. Higher methylation levels were associated with decreased survival in patients with EC. Therefore, WIF-1, RASSF1A, and CDH13 gene methylations may be considered as biomarkers for predicting the prognosis of EC patients.
